ABSTRACT
INTRODUCTION
Apraxia of Speech(AOS) is caused by a neurologic disorder or injury (e.g. cerebral palsy or traumatic brain injury).. In this present work, the speech data utterances by children of age group of 3 to 10 years were recorded and digitized. The digitized signal was further processed by using a MATLAB platform. The speech data was analyzed to check the disorders due to AOS. The acoustic analysis (e.g., spectrography,) is conducted on speech data. Perceptual assessment of speech is done so as to get important information regarding articulation, resonance and speech intelligibility [1] . Perceptual assessment provides important information regarding misarticulation, resonance and speech intelligibility, In this present work ,it is observed that the speech disabled children produce misarticulation errors mainly due to weak motor movements and inappropriate closure of oral cavity uncoordinated articulator movements, breathing problems [6, 7] . When speech is affected, all aspects of speech production may be affected including respiration, phonation, resonation, articulation, and prosody due to Rigidity of motor muscles , Velopharyngeal incompetency, Auditory processing, and Language impairments [2, 10] . The paper is organized as follows. Section 2 deals with the literature review .Section 3 discusses the methodology for experimental work and section 4 presents the results.
LITERATURE REVIEW
According to R.Cmelja, J. Rusz the changes of vocal cords vibration are perceived as changes of pitch period or fundamental frequency in voice. The fundamental frequency is influenced by properties of the vocal cords for example elasticity, weight and length. Thus the variations in fundamental frequency provide instability measurements and work as markers about the condition and functionality of the vocal cords. Abnormal characteristics of the fundamental frequency are found in a number of voice and speech disorders .Frequency instability or jitter is derived from the instantaneous values of pitch periods [1] . John-Paul Hosom, Lawrence Shriberg, Jordan R. Green suggested the method of estimation of Jitter . They have also discussed the impact of lexical stress and coefficient variation ratio in case of evaluation of pathological voices [2, 10] . Darush Mehta discussed the liear source filter model of the vocal tract and the variations in formant frequencies act as a diagnostic marker in case of speech diabled subjects [4] . Skew and Kurtosis factors were evaluated using Praat.
METHODOLOGY
The present work is based on study of children with Marathi mother tongue. The speech data of normal subjects/children and pathological subjects/children of the same age group between 3 to 10years is collected. The children were trained to utter similar words before recording. The speech data consists of isolated words, connected words , fast uttered sentences and songs for eg. Prarthana-School-Prayer, National anthem and Pledge,Nursery Rhymes,famous film songs etc. The speech data was recorded using Sony Intelligent Portable Ocular Device (IPOD) in digital form. The recording was carried out in a pleasant atmosphere and maintaining the children in tension-stress free environment. The recorded signal is transformed into .wav file by using GOLDWAVE software. The isolated word speech data is given in Table- 1. The data was collected at Chetana Vikas Mandir, a special school established to educate mentally retarded children as well as children with various disorders. It is located at Kolhapur, India.
Segmental Analysis
The Segmental Analysis was carried out for utterances of particular isolated words as well as complete sentences and paragraph /songs. The utterances made by 20 normal subjects and 10 pathological subjects were analyzed. Proposed diagnostic markers for suspected Apraxia of Speech (AOS) are vowel duration analysis, vowel formant analysis, and consonant transition index (CTI) analysis were carried out. Various misarticulation cases were analyzed in case of pathological subjects. The spectrograms were studied for formant analysis [1, 4] . Fast uttered words or continuous sentences exhibit greater complexities with respect to speech intelligibility. The results obtained with the help of proposed MATLAB Algorithm were verified using Praat and SFS Open source softwares.
Suprasegmental Analysis
The Suprasegmental Analysis was carried out for utterances of particular isolated words as well as complete sentences and paragraph /songs. The utterances made by 20 normal subjects and 10 pathological subjects were analyzed. Proposed diagnostic markers for suspected Apraxia of Speech (AOS) are Speech-Pause Index (SPI), Fundamental Frequency Analysis [9] , Speech Intensity Analysis ,Jitter [11] ,Skew and Kurtosis analysis [1, 2, 10] .
Skew and Kurtosis analysis represents the deviations due to stressed utterences compared to the unstressed utterences in normal subjects as obtained from a speaker's productions for isolated word and sentences forms. Composite weightings for the three stress parameters were determined from a principal components analysis. The Coefficient of Variation Ratio (CVR) expresses the average normalized variability of durations of pause and speech events that were obtained from a conversational speech sample. These diagnostic markers address temporal variations observed in the speech of children with suspected AOS [2, 10] .
Suprasegmental factors concerned with Marathi language
The present study uses marathi words and sentences. The following factors are of concern for marathi language.
Length: Vocalic length is mostly predictable. With the exception of ə, the last vowel of a word is long unless the vowels are followed by a combination of consonants such as nt, tr, kt. The length is phonemic in i, u.
Nasal vowels: Use of nasal vowels as independent entities and they vary from speaker to speaker. They are found in certain adverbs, nouns, and plural nouns in the context of case and postpositions. They are phonemic in certain dialects.
Accent:
Marathi is said to have a stress accent. Length, pitch, and sonority play a role in determining the loudest accent.
Phonology :Modern Marathi script, known as' balbodhi', is based on the Sanskrit Devnagari script, with certain modifications. Unlike English, Devnagari is alpha syllabic. It uses certain diacritics for vowels when combined with consonants. The diacritics distinguish long and short vowels. There are special systems to denote consonant clusters.
Traditional Marathi alphabetic chart lists 16 vowels and 36 consonants based on Sanskrit. Today, many of these alphabets are obsolete. Modern Marathi has 8 basic vowels and 34 consonants including two semivowels. Table 1 and Table 2 indicate the vocalic and consonantal charts and their respective features. The isolated word speech data emphasized in the present work is described below. It indicates case studies of different types of Articulation errors with respect to both place of articulation and manner of articulation [6, 7] . Table 3 lists the place of articulation and manner of articulation for marathi words. Table 4 lists the fundamental frequencies for normal and pathological subjects and Table 5 lists the second and third formants for normal and pathological subjects. 
CONCLUSION
The pathological subjects affected with Apraxia of speech exhibit rigidity in motor movements. Various types of misarticulation errors occur in different subjects. The observations are weak consonant production and inappropriate closure of oral cavity while producing Bilabial plosives. Utterances of some of the plosives and alveolar approximants were not possible in case of some of the subjects. The Segmental and Suprasegmental Analysis indicators Speech-Pause Index (SPI), was found to be high in pathological subjects. The Skew factor is observed below the threshold level of 3.4 and the Kurtosis factor is observed below the threshold level of 12 in almost all pathological subjects. High Pitch values falling in the female pitch range are observed in case of pathological male subjects. The Formants are widely spread in case of pathological subjects. High range of itensity variations,high % Jitter levels, high values of speech-pause index(SPI),low skew levels and low level of Kurtosis factor is the diagnostic marker set of pathological male/female speech.
